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FOREWORD 

This  research  and  development  was  conducted  under  Exploratory  Development  Task 
Area  ZF-6 3-522-01 1  (The  Assessment  and  Enhancement  of  Prerequisite  Skills),  Work  Unit 
522-01 1-03.02  (Enhancement  of  Computational  Capabilities^,  and  was  sponsored  by  the 
Chief  of  Naval  Education  and  Training.  The  objectives  of  the  work  unit  are  to  identify 
mathematical  skill  deficiencies  among  Navy  electronics  personnel,  to  determine  the 
causes  of  such  deficiencies,  and  to  develop  instructional  strategies  to  improve  the 
efficiency  and  job  relevance  of  Navy  electronics  training.  The  objective  of  the  effort 
described  herein  is  to  identify  the  mathematical  skills  required  to  perform  successfully  in 
Navy  electronics  "A"  schools.  Subsequent  reports  will  assess  personnel  performance  at 
these  schools,  compare  performance  with  requirements  for  success,  and  offer  recommend¬ 
ations  for  curriculum  revision.  Results  are  intended  for  use  by  the  Chief  of  Naval 
Education  and  Training  and  the  Chief  of  Naval  Technical  Training. 

Appreciation  is  expressed  to  the  Navy  "A"  school  instructors  who  participated  in  this 
study. 


JAMES  F.  KELLY,  JR. 
Commanding  Officer 


JAMES  J.  REGAN 
Technical  Director 


SUMMARY 


Problem 


The  sophistication  of  military  equipment  is  increasing  while  training  budgets  are 
decreasing.  Thus,  to  assure  cost-effective  training,  those  skills  and  knowledges  that  are 
essential  for  successful  job  performance  in  the  fleet  must  be  identified,  as  well  as  the 
sifcordinate  skills  and  knowledges  that  enable  the  trainee  to  master  essential  skills. 

Objective 

The  objective  of  this  effort  wets  to  identify  mathematical  skills  required  for 
successful  performance  in  the  Navy  electronics  "A"  schools.  It  is  the  first  in  a  series  of 
reports  designed  to  identify  mathematical  requirements  relevant  to  electronics  training. 

Approach 

Instructors  in  14  electronics  "A"  schools  (12  basic  and  2  advanced)  were  asked  to 
assess  the  importance  of  70  mathematical  skills  for  successful  electronics  course 
performance,  to  indicate  whether  the  surveyed  skills  are  prerequisite,  reviewed,  or  taught 
by  the  "A”  schools,  and  to  state  the  number  and  type  of  performance  aids  used  in  each 
school.  Also,  in  a  follow-up  survey,  instructors  from  four  schools  were  asked  how  much 
time  was  spent  in  each  school  reviewing  and  teaching  all  mathematics  topics  surveyed. 

Findings 


1.  The  number  of  math  skills  rated  as  affecting  performance  in  a  basic  core  course 
ranged  from  14  (Construction  Electrician  (CE)  School)  to  41  (Sonar  Technician  (ST) 
School).  The  two  advanced  courses  included  in  the  study,  the  Advanced  First  Term 
Avionics  (AFT A)  and  the  Fire  Control  Technician  n  (FT1I)  courses,  require  59  and  28  skills, 
respectively. 

2.  All  of  the  skills  rated  as  affecting  performance  are  considered  as  prerequisites  in 
all  schools,  except  for  transposition  of  algebraic  expressions,  which  is  taught  in  the 
Gunner's  Mate  (GM)  School.  AH  of  these  skills,  however,  are  reviewed  by  one  or  more 
schools. 


3.  Across  all  schools,  the  most  important  skills  are  (a)  addition,  subtraction, 
multiplication,  and  division  of  numbers,  (b)  squares  and  square  roots  of  positive  numbers, 
(c)  addition  and  subtraction  of  like  units,  (d)  multiplication  and  division  of  like  units,  (e) 
multiplication  and  division  of  unlike  units,  (f)  substitution  of  known  values  into  a  given 
formula,  and  (g)  transpositions  of  algebraic  expressions. 

4.  Of  the  70  skills  in  the  survey,  19  do  not  appear  in  any  basic  core  courses,  and  2 
more  do  not  affect  performance.  These  skills  are  in  the  Logarithms  (1),  Equations  (2), 
Algebraic  Expressions  (7),  Determinants  (2),  Geometry  and  Trigonometry  (5),  and  Phasors 
(4)  topic  areas. 

5.  Four  standard  electronics  units— volt,  ohm,  amp,  and  watt— are  used  in  all 
courses.  Only  4  of  the  14  courses  use  the  meter. 

6.  Performance  aids  are  permitted  in  all  courses  except  the  Data  System  Techni¬ 
cian  (DS)  course,  both  during  the  course  and  during  exams.  The  nonprogrammable 
calculator  is  the  most  universally  used  performance  aid  for  math  computation. 
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7.  Instructors  at  the  four  schools  participating  in  the  follow-up  survey  reported  that 
between  one  and  five  percent  of  total  training  time  was  spent  in  reviewing  or  teaching 
mathematics. 

Conclusions 

1.  Although  a  number  of  mathematical  skills  are  considered  to  be  course  prerequis¬ 
ites,  many  students  require  instruction  in  these  skills  in  the  form  of  review  or  reteaching. 

2.  In  most  courses,  students  are  not  required  to  perform  mathematics  operations 
manually. 

3.  The  amount  of  time  spent  on  review  and  teaching  of  mathematics  is  minimal. 
Recommendations 

1.  Further  studies  should  be  conducted  to: 

a.  Determine  if  "A”  school  mathematics  requirements  are  justified;  that  is,  if 
they  are  necessary  for  fleet  performance  or  as  an  enabling  skill  for  another  skill  critical 
to  fleet  performance. 

b.  Determine  if  entry  levels  of  electronics  Class  "A"  school  students  match 
prerequisite  requirements. 

c.  Determine  the  extent  to  which  Basic  Electricity  and  Electronics  Prepara¬ 
tory  Schools  provide  training  in  mathematical  skills  considered  as  prerequisite  to  the  elec¬ 
tronics  Class  "A"  schools. 

2.  Given  the  variability  of  mathematical  skills  required  in  the  Navy's  electri¬ 
city/electronics  courses,  curriculum  developers  should  ensure  that  curricula  are  designed 
to  provide  instruction  only  in  those  skills  required  by  an  individual  course. 
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INTRODUCTION 


Problem 


The  sophistication  of  military  equipment  is  increasing  while  training  budgets  are 
decreasing.  Thus,  to  assure  cost-effective  training,  those  skills  and  knowledges  that  are 
essential  for  successful  job  performance  in  the  fleet  must  be  identified,  as  well  ..s  the 
subordinate  skills  and  knowledges  that  enable  the  trainee  to  master  essential  skills. 

Navy  recruits  are  assigned  to  ratings  and  corresponding  Class  "A"  schools  based  on 
scores  obtained  on  the  Armed  Services  Vocational  Aptitude  Battery  (ASVAB),  which 
measures  aptitudes  in  a  number  of  areas.  Over  23,000  of  the  approximately  60,000 
recruits  who  enter  Navy  Class  "A"  schools  every  year  are  trained  in  electronics 
maintenance.  Before  these  recruits  enter  "A"  school,  however,  they  must  successfully 
undergo  initial  training  on  the  fundamentals  of  electronic  theory  at  one  of  the  Basic 
Electricity  and  Elelctronics  (BE/E)  preparatory  schools,  which  are  located  at  Orlando,  FL; 
Memphis,  TN;  Great  Lakes,  IL;  and  San  Diego,  CA.  The  course  at  the  BE/E  schools 
consists  of  a  series  of  modules,  each  comprised  of  one  or  two  units.  Students  scheduled  to 
enter  the  electronics  ratings  must  master  the  first  1 1  modules  of  the  BE/E  course  before 
proceeding  to  more  specialized  training.  Since  the  BE/E  course  and  all  follow-on  courses 
use  mathematics  to  express  relationships  in  electronic  systems,  a  diagnostic  mathematics 
test  is  given  prior  to  BE/E.  Students  who  have  deficiencies  in  mathematics  are  referred 
to  remedial  mathematics  units,  but  are  not  tested  on  these  units. 

Although  the  background  required  for  the  electronics  "A"  school  is  more  stringent 
than  in  most  areas  of  Navy  technical  training  and  the  preliminary  instruction  most 
advanced,  "A"  school  instructors  frequently  report  that  many  students  are  not  prepared  to 
begin  "A"  school  curricula.  They  cite  mathematical  skills  as  a  primary  deficiency  among 
students  and  view  this  inadequacy  as  significantly  contributing  to  unsatisfactory  perform¬ 
ance  in  electronics.  Since  electronics  theory  is,  to  some  degree,  mathematical,  and  since 
course  curricula  generally  rely  on  the  mathematical  foundations  of  theory,  it  follows  that 
deficiencies  in  math  would  interfere  with  the  learning  of  electronics. 

Background 

Steinemann  (1965),  in  an  attempt  to  obtain  detailed  information  regarding  electronics 
training  in  military  and  civilian  organizations,  surveyed  mathematical  skills  in  Navy 
Electronics  Technician  (ET),  Fire  Control  Technician  (FT),  Sonar  Technician  (ST),  and 
Avionics  Technician  (AV)  Class  "A"  schools,  and  in  Radioman  "B"  schools.  He  found  that 
"some  algebra,  trigonometry,  powers-of-ten,  roots  and  squares,  logarithms,  and  binary 
arithmetic  are  commonly  included"  in  most  Class  "A"  electronics  courses.  However,  he 
noted  that  uniform  acceptance  of  particular  mathematical  skills  in  the  curriculum  "is  not 
necessarily  proof  that  they  are  needed  by  the  average  technician  in  the  performance  of 
his  duties." 

Stauffer  (1955)  developed  tests  of  mathematics  skill  and  knowledge  of  electricity  for 
use  in  determining  training  requirements  for  sonar  maintenance.  He  found  that  results  of 
mathematics  and  electricity  subtests  predicted,  to  a  statistically  significant  degree, 
student  success  in  the  sonar  maintenance  training  program.  However,  his  report  did  not 
include  a  detailed  account  of  the  analysis  procedures  employed,  a  list  of  the  skills  that 
were  tested,  or  the  items  that  comprised  the  tests. 


Cox  and  Montgomery  (1 964),  in  an  investigation  of  mathematics  skill  requirements 
for  Army  basic  electronics  courses,  identified  13  specific  computational  skills  and 
constructed  a  test  to  measure  them.  Although  test  results  showed  that  most  of  the 
mathematical  skills  were  moderately  related  to  success  in  basic  electronics,  no  single  skill 
was  a  "powerful  predictor  of  any  available  estimate  of  success." 

Johnson  (1969),  as  part  of  a  broader  study,  interviewed  instructors  and  found  that 
computational  skills  then  being  taught  in  avionics  fundamental  courses  were  generally 
viewed  as  "enabling  skills";  that  is,  skills  taught  to  facilitate  the  learning  of  other,  more 
job-oriented  skills.  Also,  he  presented  the  instructors  with  several  dozen  items  on 
computational  skills,  and  asked  them  to  indicate  the  relevance  of  each  skill  to  job 
performance.  Although  the  instructors  rated  only  two  of  the  computational  skills  as 
relevant  to  the  job,  most  of  them  felt  that  such  skills  were  an  aid  to  further  training. 

Anderson  (1962)  constructed  a  mathematical  achievement  test  to  measure  ETs'  basic 
abilities  in  powers-of-ten,  square  roots,  algebra,  logarithms,  trigonometry,  and  binary 
arithmetic.  Results  of  the  test  indicated  that,  in  general,  ETs  not  only  lacked  proficiency 
in  mathematics  but,  also,  that  there  was  no  "appreciable  relationship  between  their  test 
results  and  job  proficiency."  As  a  result,  Anderson  questioned  whether  the  content  of  the 
ET  course  was  appropriate. 

While  mathematical  skill  does  not  relate  to  job  performance,  it  has  been  a  good 
predictor  of  electronics  training  success.  However,  since  this  finding  is  based  on 
correlations  that,  by  themselves,  do  not  adequately  define  the  relationship  between 
mathematics  ability  and  electronics  peformance,  it  is  necessary  to  determine  more 
conclusively  whether  mathematics  is  an  enabling  skill  for  learning  electronics. 

Enabling  or  subordinate  skills  are  derived  through  a  task  analysis  procedure  in  which 
each  "terminal"  or  higher-order  task  or  skill  is  systematically  analyzed  to  determine  the 
enablers  that  comprise  it.  Hence,  if  mathematics  is  an  enabler  for  learning  electronics,  a 
better  insight  into  the  relationship  between  electronics  performance  and  mathematical 
ability,  beyond  that  offered  by  correlational  data,  should  be  obtained. 

Purpose 

The  purpose  of  this  study  was  to  determine  those  mathematical  skills  identified  hv 
course  instructors  as  required  for  successful  performance  in  Navy  electronics  Class 
schools.  The  validity  of  those  requirements  was  not  addressed. 


METHOD 


Study  Participants 

The  14  "A"  school  courses  listed  in  Table  1  were  included  in  the  study.  Twelve  of 
these  courses— all  but  the  Advanced  First  Term  Avionics  (AFT A)  and  the  Fire  Control 
Technician  II  (FTII)  courses— are  attended  by  BE/E  school  graduates  and  focus  on  the 
respective  "A"  school  core  skills  and  knowledges.  All  of  these  schools  graduate  at  least 
100  students  per  year.1  AFT  A  and  FTII  are  advanced  courses  attended  only  by  students 
who  rank  academically  in  the  upper  two-thirds  of  their  respective  basic  core  courses. 


Although  the  Interior  Communications  Electrician  School  (IC)  graduates  more  than 
100  students  annually,  it  was  not  included  in  this  study  because  it  was  undergoing  major 
curriculum  changes  at  the  time  of  data  collection. 
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Table  1 


Class  "A"  Courses  Included  in  Study 


Class  "A"  Courses 

Location 

Number  of  Instructors 
Responding  to  Survey 

Aviation  Electrician's  Mate  (AE) 

Memphis 

7 

Avionic  Technician  (AVA) 

Memphis 

9 

Advanced  First  Term  Avionics  (AFTA)a 

Memphis 

8 

Construction  Electrician  (CE)j* 

Gulfport 

3 

Construction  Electrician  (CEr 

Port  Hueneme 

5 

Data  Systems  Technician  (DS) 

Mare  Island 

9 

Electricians  Mate  (EM) 

Great  Lakes 

5 

Electronics  Technician  (ET) 

Great  Lakes 

4 

Electronics  Warfare  Technician  (EW):C 

EW  Corrective  Maintenance  (EWC) 

Pensacola 

3 

EW  Preventive  Maintenance  (EWP) 

Pensacola 

3 

Fire  Control  Technician  I  (FTI) 

Great  Lakes 

3 

Fire  Control  Technician  II  (FTII)a 

Great  Lakes 

3 

Gunner's  Mate  (GM) 

Great  Lakes 

5 

Sonar  Technician  (ST) 

San  Diego 

3 

Total 

70 

^hese  are  advanced  courses  attended  only  by  students  who  rank  academically  in  the 
upper  two  thirds  of  their  respective  basic  core  courses. 

bTwo  locations  of  the  CE  school  were  surveyed  and  treated  independently  to 
determine  whether  instructor  responses  were  consistent  across  locales. 

r 

Data  were  obtained  separately  for  the  preventive  and  corrective  maintenance 
sections  of  the  EW  school  since  each  section  represented  a  distinct  block  of  instruction 
taught  by  different  instructors. 
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Survey  Development 

Several  electronics  math  textbooks,  including  the  principal  one  used  by  Navy 
electronics  schools,  Basic  Mathematics  for  Electronics  (Cooke  and  Adams,  1970),  were 
reviewed  to  develop  a  list  of  candidate  math  skills.  Seventy  skills  were  identified,  and 
grouped  into  the  14  topic  areas  shown  in  Figure  1. 

A  survey  form  was  then  developed,  which  included  two  example  problems  for  each  of 
the  70  skills  identified.  These  problems  represented  the  range  of  difficulties  found  in  the 
review  of  electronics  math  materials.  For  each  skill,  respondents  were  asked  to  indicate 
the  level  of  importance  of  the  skill  to  the  course.  Responses  were  to  be  made  on  a  6- 
point  scale,  where  5  =  Indispensable,  and  0  =  Not  required.  For  skills  rated  as  affecting 
performance  (i.e.,  rated  above  1),  respondents  were  asked  to  indicate  the  level  of 
instruction  provided.  Responses  were  made  on  a  3-point  scale,  where  P  =  Prerequisite 
(must  possess  skill  on  entrance  to  course),  R  =  Reviewed  (some  level  of  skill  is  assumed, 
but  skill  is  reviewed  in  course),  and  T  =  Taught  (no  previous  knowledge  assumed;  taught 
explicitly  as  a  skill  for  the  course). 

A  copy  of  the  skills  survey  is  provided  in  the  appendix. 

Administration 

The  survey  was  administered  simultaneously  to  senior  instructors  at  the  14  schools 
listed  in  Table  1,  during  the  period  from  27  Tune  through  21  Tuly  1978.  After  providing 
instructors  with  a  copy  of  the  survey,  the  experimenter  explained  the  purpose  of  the 
research  project  and  the  survey,  gave  general  instructions,  and  read  aloud  the  definitions 
for  each  rating  of  importance  and  level  of  instruction.  It  was  stressed  that  responses 
should  apply  to  the  entire  course  as  presently  taught,  and  not  to  the  instructor's  opinion  of 
how  the  course  should  be  taught. 

After  the  instructors  completed  their  survey,  which  took  from  10  to  20  minutes,  the 
experimenter  discussed  the  entire  survey  with  the  group,  one  skill  at  a  time.  Skills  that 
elicited  different  responses  were  discussed  and  a  consensus,  if  reached,  was  recorded  by 
the  experimenter.  If  consensus  could  not  be  reached,  the  individual  responses  were 
recorded  by  the  experimenter.  Major  response  changes  occurred  when  an  instructor 
forgot  how  a  particular  skill  was  used,  or  when  he  rated  the  skill  as  important  but  later 
realized  it  was  used  little  or  not  at  all  in  his  course.  The  entire  session  was  tape  recorded 
and  required  approximately  1.5  hours. 

After  the  discussion  session,  the  instructors  were  asked  to  list  the  kind  of  math 
performance  aids  (e.g.,  calculators,  formula  sheets,  slide  rules),  if  any,  students  use  during 
the  course  and/or  during  the  exam.  Also,  they  were  asked  to  indicate  the  units  of 
measurement  and  the  number  bases  (binary,  octal,  or  hexidecimal)  that  are  used  in  the 
course. 

Follow-up  Survey 

A  follow-up  survey  was  administered  to  senior  instructors  at  the  ET,  GM,  EM,  and 
FTI  Class  "A"  schools  at  Great  Lakes,  IL.  (In  some  cases,  instructors  participating  in  the 
follow-up  survey  were  the  same  as  those  who  participated  in  the  original  survey.)  This 
survey  was  identical  to  the  first,  except  that  respondents  were  also  asked  to  indicate  how 
much  instructional  time  was  spent  in  reviewing  and  teaching  skills  that  instructors  in  the 
original  survey  had  designated  as  being  reviewed  or  taught. 
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Arithmetic  Operations  with  Numbers  (4): 

1.  Addition,  subtraction,  multiplication,  and  division  of  numbers 

2.  Squares  and  square  roots  of  positive  numbers 

3.  Powers  and  roots  of  positive  numbers  greater  than  squares  and  square  roots 

4.  Percentages  of  numbers 

Estimation  (1): 

5.  Estimation  of  answers  to  arithmetic  computation 
Fractions  (5): 

6.  Addition  and  subtraction  of  fractions 

7.  Multiplication  and  division  of  fractions 

8.  Powers  and  roots  of  fractions 

9.  Reduction  of  numeral  fractions  to  lowest  terms 

10.  Simplification  of  complex  fractions 

Units  and  Conversions  (7): 

1 1.  Addition  and  subtraction  of  like  units 

1 2.  Multiplication  and  division  of  like  units 

1 3.  Multiplication  and  division  of  unlike  units 

14.  Squares  and  square  roots  of  units 

1 5.  Unit  conversion  between  nonmetric  and  metric  systems 

16.  Unit  conversion  within  a  metric  system 

17.  Unit  conversion  within  a  nonmetric  system 

Scientific  Notations  (4): 

18.  Representation  of  numbers  in  scientific  notation 

19.  Addition  and  subtraction  of  numbers  in  scientific  notation 

20.  Multiplication  and  division  of  numbers  in  scientific  notation 

21.  Powers  and  roots  of  numbers  in  scientific  notation 

Decibels  (1): 

22.  Decibels 
Logarithms  (4) 

23.  Logs  and  antilogs  found  from  log  tables 

24.  Arithmetic  computation  using  logs 

25.  Solution  of  logarithmic  and  exponential  equations 

26.  Logs  of  numbers  to  bases  other  than  10,  using  base  10  log  tables 

Equations  (6): 

27.  Substitution  of  known  values  into  a  given  formula 

28.  Transpositions  of  algebraic  expressions 

29.  Application  of  transpositions  on  equations  with  more  than  one  variable 

30.  Solutions  of  quadratic  equations 

31.  Solutions  of  second-order  simultaneous  equations 

32.  Solutions  of  third-order  simultaneous  equations 


Figure  1.  Skills  identified  as  being  related  to  performance  at  Navy  electronics  Class 
"A"  Schools. 
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Algebraic  Expressions  (9): 

33.  Addition  and  subtraction  of  algebraic  expressions 

34.  Multiplication  and  division  of  simple  algebraic  expressions 

35.  Multiplication  of  algebraic  expressions  up  to  binomials 

36.  Multiplication  of  algebraic  expressions  larger  than  binomials 

37.  Division  of  algebraic  expressions 

38.  Powers  and  roots  of  simple  algebraic  expressions 

39.  Powers  and  roots  of  polynomials 

40.  Addition  and  subtraction  of  fractional  algebraic  expressions 

41.  Factoring  algebraic  expressions 

Determinants  (2): 

42.  Evaluation  of  determinants 

43.  Solutions  of  simultaneous  equations  using  determinants 
Geometry  and  Trigonometry  (8): 

44.  Conversion  Oi  radian  and  degree  measures  of  angles 

45.  Pythagorean  theorem 

46.  Use  of  trigonometric  tables  to  find  specified  function  of  a  given  angle  or  the  angle 
of  a  given  function 

47.  Solutions  to  right  triangles 

48.  Calculations  of  the  area  of  a  given  triangle 

49.  Solutions  for  unknown  parts  of  a  nonright  triangle  using  laws  of  sines  or  cosines 

50.  Solutions  of  amplitude,  frequency,  phase  angle,  period,  and  angular  velocity  of  a 
given  periodic  function 

51.  Amplification  of  sum  and  difference  identities 
Phasors  (7): 

52.  Conversion  of  polar  and  rectangular  coordinates 

53.  Powers  and  roots  of  signed  numbers 

54.  Addition  and  subtraction  of  phasors  in  rectangular  form 

55.  Addition  and  subtraction  of  polar  phasors 

56.  Multiplication  and  division  of  phasors  in  rectangular  form 

57.  Multiplication  and  division  of  polar  phasors 

58.  Powers  and  roots  of  polar  phasors 

Number  Bases  (4): 

59.  Conversion  of  numbers  to  different  number  systems 

60.  Addition  and  subtraction  in  number  systems  from  // 59 

61.  Multiplication  and  division  in  number  systems  from  //59 

62.  Complements  of  binary  numbers 

Boolean  Algebra  (8): 

63.  Conversion  of  Boolean  expressions  to  truth  tables 

64.  Conversion  of  logic  diagrams  to  truth  tables 

65.  Conversions  of  Boolean  expressions  to  logic  diagrams 

66.  Simplification  of  Boolean  expressions 

67.  Conversion  of  logic  diagrams  to  Boolean  expressions 

68.  Simplification  of  Boolean  expressions  involving  minterms  (Veitch  diagrams) 

69.  Conversion  of  truth  tables  to  Boolean  expressions 

70.  Conversion  of  truth  tables  to  logic  diagrams 


Figure  1.  (Continued) 
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RESULTS  AND  DISCUSSION 


Original  Survey 

Importance  and  Skill  Acquisition  Level  Ratings 

Table  2  presents  the  importance  and  skill  acquisition  ratings  assigned  to  the  70 
mathematical  skills  surveyed  by  instructors  at  the  14  schools.  As  shown,  the  number  of 
skills  required  or  rated  as  affecting  performance  (i.e.,  rated  above  "1”  on  the  survey)  in 
the  basic  core  courses  ranges  from  14  in  the  CE-G  and  CE-P  schools  to  41  in  the  ST 
school.  AFTA  and  FT  II,  the  two  advanced  courses  included  in  the  analysis,  require  59  and 
2S  skills  respectively.  If  digital  math  (Number  Bases  and  Boolean  Algebra),  which  is  not 
included  in  traditional  high  school  curricula,  is  excluded,  the  number  of  skills  required  in 
basic  core  courses  ranges  from  11  in  DS  to  29  in  ST.  AFTA  and  FTII  would  require  48  and 
18  skills  respectively. 

Sets  of  math  skills  are  not  common  across  courses.  In  fact,  only  five  skills— numbers 
1  and  2  (Arithmetic  Operations  with  Numbers)  and  11-13  (Units  and  Conversions)  appear  in 
every  common  core  course.  These  skills,  along  with  skills  27  and  28  (Equations)  tend  to 
receive  high  ratings  across  all  basic  courses.  Since  these  skills  are  the  building  blocks  for 
all  quantitative  electronics  problems,  they  are  probably  used  more  frequently  than  are  the 
other  skills. 

Of  the  70  skills  in  the  survey,  19  do  rot  appear  in  any  basic  core  course,  and  2  more 
do  not  affect  performance.  These  skills  are  in  the  Logarithms  (26),  Equations  (30,  32), 
Algebraic  Expressions  134,  36-41),  Determinants  (42,  43),  Geometry  and  Trigonometry  (44, 
48-51),  and  Phasors  (53,  56-58)  topic  areas.  No  topic  area  is  required  in  its  entirety  in 
ever v  school.  In  fact,  of  the  topics  with  more  than  one  skill,  only  Scientific  Notation, 
Number  Bases,  and  Boolean  Algefbra  are  required  in  their  entirety  by  any  basic  course. 
Determinants  skills  are  not  required  in  any  basic  course;  Algebraic  Expressions  skills,  in 
only  one  course  (ST);  Phasors,  in  only  two  courses  (FTI  and  ST);  and  Logarithms,  in  only 
three  courses  (EWC,  EWP,  and  ST). 

There  appear  to  be  six  skill  clusters  among  all  courses.  That  is,  all  skills  in  those 
c!c-,;.-;s  tended  to  be  given  the  same  importance  rating  by  instructors  within  a  speciiic 
school.  These  clusters  are  in  Fractions  (6,  7),  Units  and  Conversions  (11,  12,  13), 
Scientific  Notation  (18,  19),  Logarithms  (23,  25),  Equations  (27,  28),  and  Number 
Bases/Boolean  Algebra  (59,  65,  67,  69,  70).  Apparently,  the  tasks  in  a  course  that  require 
one  skill  in  the  cluster  require  the  others  to  the  same  degree. 

The  responses  given  by  instructors  at  the  four  electrician  schools— AE,  CE-G,  CE-P, 
and  EM— were  similar,  with  instructors  at  the  two  CE  schools  giving  the  most  consistent, 
although  not  identical,  responses.  Ten  skills  were  rated  as  affecting  performance  in  all 
four  courses  (l,  2,  4,  6,  7,  1 1,  12,  13,  27,  6c  28);  four  more,  in  three  courses  (9  <5c  45— CE-G, 
CE-P,  tc  EM;  16— AE,  CE-G,  6c  EM;  17,  AE,  ''E-G,  <5c  CE-P);  three  more,  in  two  courses  (5- 
-AE  6c  CE-P;  29  6c  46— AE  ic  EM);  and  five  more,  in  one  course  (10,  14,  18,  19,  6c  64— EM). 
Skill  numbers  I,  2,  4,  11,  12,  13,  27,  and  28  tended  to  be  rated  most  important  (as  they 
were  in  all  of  the  basic  core  courses).  However,  of  these,  only  number  l  was  rated  as 
indispensable  to  any  of  the  four  courses.  The  topic  areas  considered  as  affecting 
performance  in  the  electrician  schools  were  Arithmetic  Operations  with  Numbers  (1,  2,  4), 
Estimations  (5),  Fractions  (6,  7,  9,  10),  Units  and  Conversions  (II,  12,  13,  14,  16,  17), 
Scientific  Notations  (18,  19),  Equations  (27,  28,  29),  Geometry  and  Trigonometry  (45,  46), 
and  Boolean  Algebra  (64). 


mportance  (1)  and  Skill  Acquisition  Level  (L)  Ratings  Assigned  to  Mathematical  Skills 


3.  Numbers  in  parentheses  are  the  total  number  of  skills  within  a  topjr  area  that  affect  performance  (t.e.,  they  were  rated  above  "I"  in  importance), 
instructors  did  not  reach  consensus  on  importance  ratings  of  these  sk  Us.  Numbers  given  are  average  ratings  obtained,  rounded  to  the  nearest  whole  number. 
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Instructors  did  not  reach  consensus  on  importance  ratings  of  these  skills.  Numbers  given  are  average  ratings  obtained,  rounded  to  the  nearest  whole  number. 


Table  2  (Continued) 


Skill  acquisition  level  (L)  ratings  are  based  on  responses  made  on  a  3-point  scale,  where  P  =  Prerequisite,  R  =  Reviewed,  and  T  =  Taught. 


The  two  nondigital  electronics  courses— EWP  and  FT1— have  fewer  skills  in  common 
than  do  the  electrician  courses.  Both  courses  require  skills  in  the  Arithmetic  Operations 
with  Numbers,  Units  and  Conversions,  Scientific  Notation,  and  Equations  areas.  However, 
EWP,  but  not  FT1,  requires  skills  in  Fractions,  Decibels,  and  Logarithms;  and  FT1,  but  not 
EWP,  skills  in  Geometry  and  Trigonometry  and  in  Phasors.  In  both  courses,  required  math 
skills  appear  to  be  critical  to  successful  performance.  Seventeen  of  the  22  skills  required 
in  the  EWP  course  were  rated  as  either  very  important  or  indispensable,  as  were  16  of  the 
18  skills  required  in  the  FT1  course.  Two  of  the  skills  required  at  FTI  deal  with  adding  and 
subtracting  Phasors  (54  and  55);  these  skills  are  not  required  by  any  of  the  other  courses. 

FTII,  the  advanced  FT  course,  differs  from  FTI  in  that  it  requires  fewer  skills  in 
Arithmetic  Operations  with  Numbers,  no  skills  in  Phasors,  more  skills  in  Fractions  and  in 
Geometry  and  Trigometry,  and  10  of  the  12  Number  Bases/Boolean  Algebra  skills. 
Thirteen  of  the  28  skills  required  in  FTII  are  rated  as  indispensable;  and  the  other  15,  as 
very  important. 

The  other  six  basic  core  courses— AVA,  DS,  ET,  EWC,  CM,  and  ST— deal  with  both 
nondigital  and  digital  mathematics  concepts.  ET,  EWC,  and  ST  require  more  nondigital 
skills  (20,  24,  and  29,  respectively)  than  do  AVA,  DS,  and  GM  (16,  11,  and  14, 
respectively).  However,  such  skills  appear  to  be  more  important  in  AVA  and  EWC  than 
they  are  in  the  other  courses;  12  of  the  16  required  nondigital  skills  at  AVA  are  rated  as 
indispensable,  as  are  14  of  the  24  required  skills  at  EWC.  This  compares  to  6  of  the  1 1 
required  skills  at  DS,  5  of  the  20  required  skills  at  ET,  2  of  the  14  required  skills  at  GM, 
and  none  of  the  29  required  skills  at  ST. 

AVA  and  DS  require  10  and  12  digital  skills,  respectively,  all  of  which  were  rated  as 
indispensable.  ET,  EWC,  GM,  and  ST  require  9,  10,  4,  and  12  digital  skills,  respectively. 
However,  of  these,  only  4  of  the  10  skills  required  at  EWC  were  rated  as  indispensable. 

Since  the  AVA  course  consists  of  self-paced,  mastery-learning  instruction,  it  is  not 
surprising  that  22  of  the  26  required  skills  were  rated  as  indispensable.  Students  do  not 
proceed  in  the  course  until  they  evidence  mastery;  they  cannot  pass  the  course  until  they 
can  perform  all  math  skills  required  by  any  test. 

The  math  skills  requirements  of  the  AFTA  course,  the  advanced  AVA  course,  are 
higher  than  those  of  any  other  course  included  in  the  study.  Forty-eight  of  the  70  skills 
were  rated  as  affecting  performance  at  AFTA,  and  32  of  these  skills  were  rated  as 
indispensable.  Thus,  if  a  student  is  deficient  in  any  one  of  these  32  skills,  he  will  have 
difficulty  in  passing  the  course.  Also,  AFTA  requires  12  skills  that  are  not  required  by 
any  of  the  other  courses— 7  in  Algebraic  Expressions,  2  in  Geometry  and  Trigonometry, 
and  3  in  Phasors. 

As  indicated  previously,  for  all  skills  rated  as  affecting  performance  (i.e.,  rated 
above  1  in  importance),  instructors  were  asked  to  indicate  whether  they  were  (0 
prerequisites  and  not  taught  in  the  course  (P),  (2)  prerequisites  but  reviewed  for  students 
who  are  deficient  (R),  or  (3)  taught  as  part  of  the  regular  curriculum  (T).  For  curriculum 
design  and  development,  it  is  necessary  to  know  if  required  skills  are  taught  in  the 
training  pipeline  or  are  learned  prior  to  entering  the  Navy. 

Table  2  shows  that  all  of  the  basic  core  courses  provide  a  large  amount  of  review  (R) 
or  formal  teaching  (T).  There  are  18  skills  that  are  always  taught  as  part  of  the 
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curriculum;  thus,  they  apparently  are  not  covered  in  any  of  the  BE/E  schools.  These  skills 
are  number  1 5  in  Units  and  Conversions,  which  deals  with  conversion  between  metric  and 
nonmetric  systems;  22  in  Decibels;  23,  24,  and  25  in  Logarithms;  31  in  Equations;  and  all 
12  of  the  Number  Bases/Boolean  Algebra  Skills.  The  diversity  of  instruction  provided  in 
the  core  courses  extends  beyond  differences  in  BE/E  module  prerequisites;  it  reflects  the 
instructors'  perceptions  concerning  skills  that  students  should  have  acquired  in  high  school 
and/or  in  a  basic  electronics  course,  as  well  as  the  different  proficiency  levels  that 
instructors  expect  of  the  students  entering  the  course. 

A  comparison  of  the  skill  levels  of  preceding  and  advanced  courses  shows  that  skills 
considered  prerequisites  in  the  advanced  course  are  not  always  required  in  the  preceeding 
course.  Number  Bases  skills  are  taught  in  both  the  AVA  and  AFTA  courses;  skill  17  in 
Units  and  Conversions  is  reviewed  only  in  the  AVA  course  but  taught  in  the  AFTA  course. 
It  appears  that  skills  in  sequenced  courses  should  be  more  closely  coordinated  to  ensure 
consistency  among  prerequisite,  reviewed,  and  taught  requirements. 

Units 


Table  3,  which  lists  the  units  named  by  instructors  in  each  course  surveyed,  shows 
that  units  1-4,  which  are  standard  electronics  units,  are  used  in  all  courses.  It  is 
interesting  to  note  that  only  four  courses—AFTA,  EWC,  EWP,  and  ST— use  the  meter  (no. 
23).  All  others  use  standard  United  States  units  of  measure,  except  for  DS,  which  does 
not  use  any  length  measures.  Thus,  the  metric  system  does  not  yet  dominate  Navy 
electronic  systems.  Although  several  courses  use  the  "second"  as  the  smallest  unit  of 
time,  AE,  AVA,  AFTA,  ET,  EWC,  and  EWP  use  smaller  units  of  time  with  metric  prefixes. 
GM  was  the  only  one  to  mention  liquid  measures  (gallon). 

Number  Bases 


The  seven  schools  requiring  skills  in  Number  Bases— AVA,  AFTA,  DS,  ET,  EWC,  FTI1, 
and  ST— reported  using  three  principal  types:  binary,  octal,  or  hexadecimal.  ET  uses  only 
binary;  and  the  other  six,  all  three  types. 

Performance  Aids 


Performance  aids  may  be  used  during  the  course  or  during  the  exams  to  minimize 
mathematical  requirements.  Computers  (including  programmable  calculators),  calculators 
(nonprogrammable),  and  slide  rules  reduce  calculation  labor  and  the  need  to  use  certain 
mathematical  skills,  such  as  those  relating  to  fractions.  For  example,  if  a  student  wants 
to  add  fractions,  he  can  convert  each  fraction  to  a  decimal  number  on  his  calculator  and 
then  add  the  numbers  instead  of  having  to  find  common  denominators.  Similarly,  to 
simplify  the  task  of  adding  numbers  in  Scientific  Notation,  he  can  compute  the  decimal 
form  of  each  number. 

Table  4  lists  the  performance  aids  permitted  during  the  course  and/or  during  the 
exam.  As  shown,  all  courses  except  DS  allow  some  type  of  performance  aid  in  both  course 
work  and  exams,  with  the  greatest  use  of  such  aids  being  made  in  the  AFTA,  CE-G,  EWC, 
and  EWP  courses.  It  is  interesting  to  note  that  CE-G  and  CE-P  do  not  permit  the  same 
performance  aids. 

Although  computers  are  permitted  in  many  courses,  students  generally  do  not  own  or 
have  access  to  them.  Slide  rules  are  permitted  in  class  in  all  courses  except  DS,  and 
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Table  3 


Units  Used  Most  Frequently  in  Electronics  Courses 


Course 


Unit 

UJ 

< 

> 

< 

> 

AFTA 

CE-C 

CE-P 

DS 

EM 

ET 

EWC 

EWP 

I. 

Volt 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2. 

Ohm 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3. 

Amp 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4. 

Watt 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3. 

Farad 

-- 

X 

X 

-- 

- 

-- 

X 

-- 

X 

X 

6. 

Faraday 

- 

- 

- 

•- 

- 

- 

-- 

-- 

X 

X 

7. 

Henry 

- 

- 

- 

-- 

-- 

-- 

X 

- 

X 

X 

8. 

Hertz 

X 

X 

X 

-- 

-- 

X 

X 

- 

X 

X 

9. 

Coulomb 

— 

-- 

X 

-- 

- 

-- 

- 

-- 

X 

X 

10. 

Var 

- 

- 

-- 

- 

-- 

-- 

-- 

-- 

-- 

-- 

11. 

Microbar 

- 

- 

— 

" 

— 

-- 

-- 

-> 

-- 

-- 

12. 

Micropascal 

- 

-- 

- 

- 
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Performance  Aids  Permitted  in  Electronics  Courses 
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Some  instructors  permit  use  of  calculators,  but  no 
Only  formula  sheets  given  by  instructors. 

Formula  sheets  not  permitted  on  Phase  3  exam. 
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during  exams  in  all  but  DS  and  ST.  Although  all  students  must  own  a  slide  rule,  few,  if 
any,  know  how  or  care  to  use  them.  The  low  cost  of  simple  calculators  has  made  them  the 
most  universally  used  performance  aid  for  arithmetic  calculations.  All  courses  except  DS 
permit  their  use  in  class,  and  all  but  CE-P,  DS,  and  ST  permit  them  during  exams.  Thus, 
in  most  courses,  students  are  not  required  to  perform  many  mathematical  operations 
manually. 

All  courses  but  CEP,  DS,  and  GM  permit  logarithm  and  trigonometry  tables  to  be 
used  in  class;  and  all  but  AVA,  CE-P,  DS,  EM,  and  GS,  during  exams.  Formula  sheets  are 
provided  for  use  in  class  at  12  of  the  14  schools;  however,  since  they  were  not  examined, 
it  is  not  known  whether  they  actually  reduce  the  required  mathematical  skills.  On  some 
formula  sheets,  various  forms  of  equations  are  given,  eliminating  the  need  for  students  to 
transpose  them  (e.g.,  P  =  IE;  I  =  P/E;  E  =  P/l).  On  others,  however,  equations  may  be 
presented  in  only  one  form. 

Follow-up  Survey 

Importance  and  skill  acquisition  ratings  assigned  to  mathematical  skills  by  EM,  ET, 
FTI,  and  GM  instructors  in  the  follow-up  survey  were  consistent  with  those  assigned  in  the 
original  survey.  As  shown  in  Table  5,  the  total  time  spent  reviewing  math  topics  surveyed 
ranges  from  2.75  hours  (EM)  to  12.75  hours  (ET);  and  the  total  time  spent  teaching  all 
math  topics  surveyed,  from  0.50  hours  (EM)  to  16.75  hours  (GM).  Thus,  it  appears  that 
students  are  expected  to  enter  the  school  with  an  array  of  mathematical  skills. 


Table  5 

Mean  Time  Spent  Reviewing  (R)  and  Teaching  (T)  Math  Topics  Surveyed 


EM  FTI  GM  ET 

(45  Hours)  (55  Hours)  (60  Hours)  (85  Hours) 

(9  Weeks)  ( 1 1  Weeks)  (12  Weeks)  (17  Weeks) 


R 

T 

R 

T 

R 

T 

R 

T 

Mean  Time  (Hours) 

2.75 

0.50 

5.50 

0.25 

3.50 

16.75 

12.75 

13.75 

Percent  of  Total 
Training  Time 

0.06 

0.011 

0.100 

0.004 

0.058 

0.279 

0. 147 

0. 162 

CONCLUSIONS 


1.  Although  a  number  of  mathematical  skills  are  considered  to  be  course  prerequis¬ 
ites,  many  "A"  School  students  require  instruction  in  these  skills  in  the  form  of  review  or 
reteaching  before  they  can  perform  successfully. 

2.  In  most  courses,  students  are  not  required  to  perform  mathematics  operations 
manually. 

3.  The  amount  of  time  spent  on  review  and  teaching  of  mathematics  is  minimal. 


RECOMMENDATIONS 

1.  Further  studies  should  be  conducted  to: 

a.  Determine  if  "A"  school  mathematics  requirements  are  justified;  that  is,  if 
they  are  necessary  for  job  performance  or  as  an  enabling  skill  for  another  skill  critical  to 
job  performance. 

b.  Determine  if  entry  levels  of  electronics  Class  "A"  school  students  match 
prerequisite  requirements. 

c.  Determine  the  extent  to  which  BE/E  preparatory  schools  provide  training  in 
mathematical  skills  considered  as  prerequisite  to  the  electronics  Class  "A"  schools. 

2.  Given  the  variability  of  mathematical  skills  required  in  the  Navy's  electri¬ 
city/electronics  courses,  curriculum  developers  should  ensure  that  curricula  are  designed 
to  provide  instruction  only  in  those  skills  required  by  an  individual  course. 
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